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Introduction
The following items were agreed regarding enhancements for idle/inactive-mode UE power saving WI (latest WID in RP-200938).
1. Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
0. Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
0. Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
This paper discusses observations from a simple high-level model regarding energy consumption significance of different operational modes and functions performed by a UE, including idle vs active mode.
[bookmark: _Ref178064866]2	Discussion
2.1 	High-level UE energy consumption profiling
In order to assess the relative importance of different UE operating modes and their contribution to the total energy consumption, a UE operation model has been formulated that allows identifying the energy consumed by different states and operations. The following operations are captured in the high-level model:
· Idle mode
· Paging monitoring once per DRX cycle
· RRM measurements Ni times per DRX cycle
· Pre-wake up use of previous SSB 
· Connected mode
· C-DRX ON-durations
· RRM measurements Nc times per CDRX cycle
· Data burst-triggered processing
· Active data TRX
· CDRX IAT
· Connection release timer  

The UE performs measurements and PO monitoring in idle mode as the starting point and moves to connected mode as a data burst arrives. It falls back to periodic CDRX once the CDRX IAT expires without a new data burst and returns to idle mode upon the connection release timer expiry.  The modelled sequence is depicted below.
Complete RT
Complete IAT
PDCCH monitoring in incomplete IAT
Paging
Scheduled PDSCH/PUSCH
Idle
Connection 
Complete IAT
Incomplete RT

Sleep state transition energies are also modelled as the UE alternates between active and deep/light sleep phases.
The Rel 16 WI evaluation assumptions include an FTP model. Real-world traffic is more varied, as an eMBB UE’s activity includes a range of apps data exchange scenarios. A traffic model based on commercial LTE NW statistics (2014) suggests that the following constitutes a representative model:
· Mean connection rate: 	20 connections/UE/h
· Mean connection length: 	10 s (possibly including incomplete CDRX segments)
· Mean active data slot 
fraction during connection: 	10%

Paging is modeled with intensity of 50 pages/cell/s. Assuming 128 PO locations are configured per DRX period (1.28 s), i.e. 1 per 10 ms frame, the PO density is 100 POs/s. While power consumption due to paging false alarm is also a contributory factor, it is not separately modeled as it currently under discussion in RAN1.  
2.2 	Results and discussion
The above described energy consumption model has been used to evaluate the fraction of energy and time expended in idle and connected modes. A typical NW and UE configuration has been used and a statistical traffic model has been created based on measured mixed NW traffic statistics. All percentages are given in relation to the total consumed energy and observation time.

Energy profile		          Time profile

	
	Energy [%]
	Time [%]

	Idle mode activity
	ca. 15
	ca. 88

	Connected mode activity
	ca. 85
	ca. 12



Note that the idle/connected irreducible base energy consumption for the UE – corresponding to UE energy consumption in permanent deep sleep – is approximately 10% of the observed total energy consumption.
Based on these results, Idle/inactive mode energy reduction appears relatively low, single digits in the total energy context. In total it corresponds to around 15% of the total UE power consumption.
[bookmark: _Toc47731510]High-level UE energy consumption profiling indicates that Idle mode UE power consumption accounts for approximately 15% of the total power consumption.
The energy distribution between different operational modes strongly depends on assumed traffic patterns and DRX and CDRX settings. Certain operational modes and their energy reduction potential may become more dominant under other specific traffic assumptions.

Conclusion
In section 2, the following observations were made: 
Observation 1	High-level UE energy consumption profiling indicates that Idle mode UE power consumption accounts for approximately 15% of the total power consumption.
[bookmark: _In-sequence_SDU_delivery]Appendix
System configuration assumptions
Idle mode configuration:
· SSB period:			20 ms
· DRX period: 			1.28 s
· PO length: 			1 ms
· PO offset wrt SSB: 		10 ms
· SSB measurement
· Period: 			at each DRX cycle
· Length: 			5 ms
· Preparation: 		AGC from previous SSB

Connected mode configuration:
· CDRX period: 			160 ms
· ON-duration length: 		8 ms
· ON-duration offset wrt SSB: 	10 ms
· PDCCH SS duty cycle: 		100%
· CDRX inactivity timer: 		100 ms
· Connection release timer: 	10 s
· SSB measurement
· Period: 			at each DRX cycle
· Length: 			5 ms
· Preparation: 		none

UE power state values (relative units) from TR and additional considerations:
· Deep sleep						1
· Light sleep							20
· Micro sleep 						45
· Measurement (idle)					100
· Measurement (connected) 				100
· Monitoring scheduling PDCCH 			100
· Monitoring paging PDCCH 				100
· Data TX/RX						122
· Transition in/out of deep sleep			23	(during 2 x 10 ms)
· Transition in/out of light sleep			26	(during 2 x 3 ms)
· SSB measurement					100

The data TRX power level is based on assumptions of UL:DL=1:10, 10% active slots (90% PDCCH monitoring), 0 dBm:23 dBm = 1:1. 
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